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This document is intended to serve as a general preface
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being carried on in the areas of spetiel statistics and two-
dimensional languages, and the relevance of this work to the
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Ordinary maps, photographs, images and similar cartographic
devices are basic geographic research tools. The advantages and

efficiencies of the map* for representing the distribution and

arrangenent of spatially located data are well known and generally
appreciated. The detailed texbual discussions that frequently
accampany relatively simple maps suggest that he who first stated

"a picture is worth a thousand words" was off by several factors of
ten. The primary function of a geographic information system is to
make spatially oriented information available in a usable form. The
succincet handling of data by the map is evidently a basic source of
many problems confronting the design and subsequent operation of any
such system. While for some needs it may be adequate simply to display
an appropriate map, for many other purposes it is required to sum-~
marize the map by reduction to a set of words and mumbers. Where the
map itself is an adequate representation, a geographic information
system is required {to produce maps fram one or more other dasta sets
contained within the system; the problems occurring at this level
largely concern the manipulation of mapable information sets. In other

and more common situations, the geographic information system is

*In this report, "map" is used as a generic term referring to
any of the wide variety of methods for representing spatially located
information.
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required to reduce several Or many map patterns and spatial data
sets to wards and pumbers. The problems ocecurring at this level
concern both the manipulation of mapped information and the ex-
pression of the resulting areal data in a common linguistic or mathe-
matical format.

The design of a geographic information system that efficiently
satisfies the data needs of a community of users must take into
account the manifold aspects of collection, codification, storage,
retrieval, and analysis of spatially located and other kinds of
data. Two research areas examined as part of the present investi-
gation, and believed to be of fundamental importance to the design
and operation cf a geographic information system, are discussed in
this report. One class of problems concerns the formal structure of
a system for the collection, storage, and retrieval of spatially -
located information. The second class of problems concerns the summary
description and analysis of information having a spatial arrangement
and distribution. The purpose of this note is, on one hand, to identify
problems that have attracted our interests as particularly relevant
to the geographic data system and, on the other hand, to describe in
very general terms the strategies adopted for approaching the solutions.
This general survey provides an orientation to the more specialized

reports generated by this study.

Spatial Statistics

The description or analysis of spatially located information
is, in many cases, largely a study of the geometric patterns formed

by the arrangement and distribution of objects. The description of
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pattern frequently requires reduction of the subtleties of arrange-
ment and distribution displayed by the map to a form susceptible to
mathematical or statistical analysis. Statistical or probabilistic
methods are generally employed because the patterns on maps seldom
have the high degree of regularity required for algebraic description,
such as the space groups used with considerable success in crystallo-
grephy.’ This concentration upon statistical and probabilistic
approaches to pattern is consistent with the recent orientation of
geographic and other social science research.

There exists a rather extensive literature on the general topics
of geametrical probabilities and stochastic processes in two or three-
dimensional space. Though many of these results may be suitable for
the description and analysis of spatial data, this literature has
generally not been exploited by geographers, planners, econamists,
engineers and others who would be largely responsible for the analysis
of the areal data sets produced by a geographic information system.
Several reasons seemingly underlie the failure to utilize this know-
ledge. A major limitation is that much of the material pertinent to
spatial analysis presumes considerable mathematical training and
sophistication. Campounding this difficulty is that much of the
literature has developed within an abstract context or in terms of
applications generally unfamiliar to most users of geographic data. As
examples we cite the Ising model of statistical physics which has
direct applications to enumerative data on a county basis and the

spectral analysis used, among other topics, for the study of wind wa.ves.2

1Buerger , M. J. 1956. Elementary Crystallography, New York.

2Green,I: S,and Hurst, C. 1964. Order-Disorder Phenomena, New York.
Kinsman, B. 1965. Wind Waves, Princeton.




5till other methods have been developed in a context which loses the
spatial pertinence 1o geographic research. For instance, the compound
and generalized distributiosns developed for statistical ecology and
actuary science lack the level of gpatial articulation which is nor-
mally required in geographic research.3
This phase of the research may be viewed as a relatively extensive
review of the statistical methods and probabilistic models which might
be utilized by researchers, govermment officials, business people
and other potential users of a geographic information system. This
work is a review or summary statement in the sense it is largely re-
stricted to known procedures and methods. It is not a review in the
sense of being restricted to synthesis and codification of existing
results. One important objective is to base the statistics and probab-

ilistic methods upon a conceptual and theoretical basis which conforms

to methodological tenets of cartographic analysis and map interpretation.

Because of this orientation the derivation of known results frequently
requires a basically different description of the underlying areal
properties and processes.

One characteristic of reviews is the designation of areas and
topics that have been neglected or not adequately developed. While
the present effort has been no exception, there have also been devel-
oped a number of simple tools and properties that have not been readily
available to the student of spatial relations and spatial processes.
While the mathematican or mathematical statistician may consider a

problem solved when he is able to give a generating or characteristic

3Kershaw, K. A. 1964. Quantitative and Dynamic Ecology, London.
Lundberg, 0. 1965 - 2nd Ed. On Random Processes and Their
Application to Sickness and Accident Statietics, Uppsala.
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function, the user of these resﬁlts often needs more detailed informa-
tion and, possibly, even numbers. Accordingly, the preparation of

the basic textual material has been accompanied by the tidying-up chore
of obtaining specific equuations from highly general results and the
tabulation of moments, distribution functions and other basic proper-
ties of the more common statistical formulations applicable to spatial
analysis.

By making basic information of this type accessible to potential
users of a geographic information system it is anticipated that there
will be a significant increase in the mumber of researchers who can
significantly contribute to the spatial analysis of data resulting
from geographic information system. Another justification for this
material is the need to establish the available methods of description
and analysis in order that the geographic information system may be
structured to respond effectively to the demands of its users.

To reduce the task to manageable proportions, it has been necessary
to establish priorities on the order in which the various types of
statistical methods and probability models are examined. Initial
emphasis has been placed on the following topics: the description
of point patterns, the camputation of measures of association or con-
tiguity for a region partitioned into "counties" or "quadrats", and
the spectral analysis of two-dimensional data. Further, where deri-
vations are required for idealized or theoretical spatial processes
the patterns are largely restricted to randam and independent processes.
These particular topics were selected on the grounds of relative
simplicity, general applicability and relevance to geographic problems,
as well as a somewhat representative sampling of the methods and models

suitable for spatial description and analysis.

__‘
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This part of the study was initiated in 1960, as unsupported
research, and it reflects a continmuing interest in the map as a
medium of communication and as a research tool. This study was
motivated by an observation (taken out of comtext) by Sir
Arthur Eddington in introducing a mathematical construct to reduce
the dimengionality of space to a reality investigation. He wrote:

We have to express in mathematical symbolism what we
are doing when we mention things; for if we have no conception
of what ws are doing, the result of our measurement would not
persuade us to believe anything in particular. All our results
are derived from the condition that the conceptual interpre-
tation which we place upon result of measurement must be con-
sistent with our conceptual interpretation of the process of
measurement, we have to define symbols with properties that
correspond precisely to the conceptions introduced.l
This remark generated the original investigation of the relation of
symbols on maps and osther cartographic devices'to the things and
concepts the symbols represent. On a continuing, but not intensive
schedule, the structure and function of maps, map symbols and other
spatial models have also been investigated. An important conclusion
of these surveys was that maps, mathematical models, and other rep-
resentations for spatial relations use a "language", but that this
language differs in quite important respects from everyday language,
programming langnages or the formal languages commonly developed by

logicians, The relation to language is stressed because basic

linguistic concepts such as sign, sentence or proposition, syntax, and

possibly, semantics, are recognizable features of cartographic models.

]'Eddington, Sir Arthur. 1946. Fundamental Theory, Cambridge.
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An important difference is that neighborhood and juxtaposition in

two dimensions is not & simple generalization of the concatenation

of language. The similaritles suggest that cartographic models utilize
a language that may be studied in the context of conventional linguistic
concepts, but the differences suggest that cartographic models require
concepts involving higher dimensionality. It appears that the language
of maps is 2 two-dimensional language and that the study of thise
language must take into account its two-dimensional structure.

The present study on geographic information systems revived the
interest in linguistic structure. Many of the results obtained from
the study of cartographic models are considered relevant to more general
systems of geographic information. The domain of a geographic infor-
mation system is truly two-dimensional and it is necessary to compute,

terpret, describe and analyze within this two-dimensional structure.
It does not follow that two-dimensional problems require a two-dimen-
sional method of solution, although it is rather firmly established
that conventional one-dimensional approaches fail to give acceptable
solutions to many spatial problems. For example, Ungerl notes that
"there are certain tasks, which might be termed spatial problems, at
vhich digital computers are relatively inept ... pattern recognition is
another area in which present day machines cannot match the performance
of the designers." Solutions to two-dimensional problems may only
require bigger and faster machines, but our analysis of the structure
of maps suggests this is not the basic need. We, and other researchers

concerned with two-dimensional structures, have reached the conclusion

]Unger, S. H. 1958. A computer oriented toward spatial problems,
Proceedings of the IRE, 1745-1T50.
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that same type of two-dimensional language is required for description
and analysis. Narasimha.nl states:

... it is much more appropriate to view the so called
pattern recognition problem as really the problem of pattern
analysis and description and emphasize that the aim of any
adequate recognition procedure should not be merely to derive
a 'yes,' 'no,' or 'don't know' decision but to produce a
structured description of the input picture. It is our con-
tention that no model can hope to accomplish this in any
satisfactory way unless it has built into it, in some sense,

a generative grammer for the class of patterns it is set
up to analyze and recognize.

The work by Kirsch2 and his colleagues at the National Bureau of
Standards also emphasizes two-dimensional syntactic structure for the
description and analysis of pictorial sources. The University of
I1linois group is motivated primarily by the analysis of bubble chamber
photographs, tiae work at the National Bureau of Standards is motivated
by the need tc process schematics and diagrams in patent applicatioms,
vhereas our work has been largely motivated by cartographic represen-
tations and, more generally, the structure of geographic information
systems. Bubble chamber photographs, diagrams and maps are three
kinds of pictorial sources and the recognition of a basic approach
to the analysis of their two-dimensional structures is not surprising.
It is only recently that the study of two-dimensional languages
has progressed fram discussion of the need for such languages to the
demonstration of partially convincing results. Two-dimensional syntactic
structures have been obtained thus far only for pictorial sources
substantially less camplicated than required for the most simplified

geographic information system. Though research in many directions is

]'Na.ra.simhan, R. 196k. Labeling schemata and syntactic descriptions
of pictures, Information and Control, T, 151-179.

2Kirsc:h, A. 1964. Computer interpretation of English text and
picture patterns, 1.E.E.E. Trans., EC-13, 363-376.




9

prerequisite to a viable geographic information system, cur research
has concentrated on only several of the topics believed critical to
its eventual design and construction.

One research effort is predicted on the premise that maps and
other cartographic devices are used for many purposes with high
levels of efficiency and low levels of ambiguity. However, there is
no theory of cartography and no serious attempt has been made to
state the principles underlying the construction and use of maps.

Maps and the uses of maps are now being studied to determine the
principles, rules and procedures underlying map making and map use.
It is believed that the recognition and isolation of elements of two-
dimensional structures will be facilitated by this pragmatic analysis
of maps.

Several formal ome-dimensional languages have been formulated for
space and space-time systems.l Though these languages do not satisfy
our need for a two-dimensional syntax, the relevance of these spatially
oriented languages to the description and analysis of two-dimensional
sources is being analyzed. Special emphasis has been placed on the
ten levels of semantic designation for space-time languages identified
by Carnap and the principles of semiotic given initially by Morris?'
It is anticipated that the results of this analysis will provide a

useful basis for the formlation of a truly two-dimensional language.

1(:a.z'm:p, R. 1958. 1Introduction to Symbolic Logic and Its
Applications, New York: especially pp. 157-167.

Wilson, N. L. 1955. Space, time and individuals, Journal of

Philosophy, 52, 589-598.

2M:',rri.s, C. W. 1938. Foundations of the theory of signms,
Encyclopedia of Unified Science, 1.

. 194. Signs, Languages and Behavior, New York.
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Systems Modeling

At the start of this note, two areas (spatial statistics and
spatial languages) were identified as being of fundamental importance
to the deisgn and operation of a geographic information system. The
identification of such critical subareas within the overall system
is one of the goals of general system modeling. Before efficient
develomment of a geographic information system can take place, the
camponents of the systems must be specified and the nature of the
complex net of interrelationships which link them must be clearly
defined. Work on such a general systems model of & geographic
information system has been begun and its completion is a necessary
part of the developmental process leading to the construction and

operation of a viable information system oriented toward spatial data.
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